Abstract. Leaching of the internal apolar phase from the biopolymeric microparticles during storage is a great concern as it undoes the beneficial effects of encapsulation. In this paper, a novel formulation was prepared by encapsulating the sunflower oil-based organogels in alginate microparticles. Salicylic acid and metronidazole were used as the model drugs. The microparticles were prepared by double emulsion methodology. Physico-chemical characterization of the microparticles was done by microscopy, FTIR, XRD, and DSC studies. Oil leaching studies, biocompatibility, mucoadhesivity, in vitro drug release, and the antimicrobial efficiency of the microparticles were also performed. The microparticles were found to be spherical in shape. Gelation of the sunflower oil prevented leaching of the internal phase from the microparticles. Release of drugs from the microparticles followed Fickian kinetics and non-Fickian kinetics in gastric and intestinal environments, respectively. Microparticles showed good antimicrobial activity against both Gram-positive (Bacillus subtilis) and Gram-negative (Escherichia coli) bacteria. The results suggested that the developed formulations hold promise to carry oils without leakage of the internal phase. Encapsulation of organogels within the microparticles has improved the drug entrapment efficiency and improved characteristics for controlled delivery applications.
INTRODUCTION
Encapsulation of oils (e.g., neem oil, fish oil, wheat germ oil, evening prime rose oil, and citronella oil) within polymeric microparticles has been extensively studied for food, pharmaceutical, and nutraceutical applications. One of the main advantages of encapsulation of oil is the conversion of the apolar liquid (e.g., oil) into solid dosage forms which, in turn, facilitates easy transportation and handling (1) . In addition to this, encapsulation also allows taste and/or odor masking of the active ingredients present in the oil phase. The stability of the active ingredients may also be increased to a great extent (2) . The main problem associated with the encapsulation of oils within microparticles is the leaching of the internal (oil) phase during storage. The leaching of the internal phase undoes the main advantages of the encapsulation and subsequently reduces the encapsulation efficiency. To solve the problem, researchers have used different approaches. The widely used approach is to encapsulate the oil in blended polymers (3) . Another approach is by adopting complex protocols for the preparation of microparticles (4) . In the present study, we propose a novel and simple method to improve these shortcomings by immobilizing the internal oil phase using liquid polysorbate-based gelators. The process of gelation of oil/organic solvent using suitable gelator molecules is regarded as organogelation, and the structured formulation is known as oleogels (often regarded as organogels on a broader sense). Organogels are defined as the semi-solid formulations which contains oil/apolar phase as the continuous phase, which is immobilized in a 3D network of gelator molecules (organogelators). Our group has previously reported the development of span 80-tween 80 (liquid polysorbates)-based sunflower oil organogel (5) . All the components used in this study are generally regarded as safe (GRAS) materials and FDA approved for oral administration (6, 7) .
To establish our hypothesis that the gelation of the internal phase might reduce the leaching of the internal phase, attempts have been made to encapsulate span 80-tween 80-based sunflower oil organogels. Blank microparticles (microparticles without any internal phase) and microparticles with sunflower oil served as controls. Salicylic acid and metronidazole were used as model drugs. The biocompatibility, mucoadhesivity, in vitro drug release, and Electronic supplementary material The online version of this article (doi:10.1208/s12249-014-0147-2) contains supplementary material, which is available to authorized users. the antimicrobial efficiency of the microparticles were determined.
MATERIALS AND METHODS

Materials
Sodium alginate, calcium chloride (fused), calcium carbonate, potassium dihydrogen phosphate, span 80-tween 80, and dialysis tubing (MW cutoff: 12-14 kDa) were purchased from Himedia, Mumbai, India. Glacial acetic acid and hydrochloric acid were purchased from Merck, Mumbai, India. Food-grade-refined sunflower oil (Fortune sunlite®, Adani Wilmar Ltd. Gujarath, India) was purchased from the local market. Salicylic acid was procured from Sara fine chemicals, Vadodhara, India, and metronidazole was received as a kind gift from Aarthi drugs Ltd., Mumbai, India. MG63 cell line was procured from NCCS, Pune, India. Fresh goat blood and freshly excised goat small intestine were collected in cold saline from the local butcher shop and were used within 1 h of collection. Double distilled water was used throughout the study.
Preparation of Span 80Tween 80-Based Organogels
The organogels were prepared as described by our group elsewhere (5). In brief, 5.25 g of the surfactant mixture (span 80:tween 80 ratio of 1:2 w/w) and 1.25 g of sunflower oil were mixed to form a homogenous solution at room temperature (25°C). To this, 3.25 g of water was added drop by drop with continuous mixing. The homogeneous mixture was allowed to settle at room temperature to form organogel. The prepared organogel was labeled as "OG" and used for further studies. To prepare the drug containing organogels, either 1% (w/w) salicylic acid or metronidazole was dissolved in sunflower oil and water, respectively. The drug containing oil and aqueous phases were used to prepare salicylic acid and metronidazole containing organogels, respectively. The method of preparation of drug containing organogels was the same as mentioned earlier. Salicylic acid and metronidazole containing organogels were labeled as OGSA and OGMZ, respectively.
Preparation of Microparticles
The microparticles were synthesized by modified double emulsion method or internal gelation method (5) . Briefly, 0.5 g of sodium alginate was dissolved in 20 g of water and kept on stirring at 250 rpm at room temperature. After complete dissolution of the sodium alginate, 0.4 g of calcium carbonate was added and homogenized at 250 rpm. Then, a mixture of 0.5 g of span 80 and 5 g of internal oil phase was added and further homogenized for 15 min to form an oil-inwater emulsion. The internal phase was either sunflower oil or organogel. The emulsion was further homogenized in an ice bath for 10 min to form a thick emulsion. The thick emulsion, so obtained, was transferred to 60 ml of ice-cold sunflower oil (external phase) and homogenized for 5 min at 250 rpm to form a double emulsion. After the homogenization, 5 ml of acidified oil (4.5 ml sunflower oil + 0.5 ml glacial acetic acid) was added to the external phase of the double emulsion (which is under stirring) to induce ionic crosslinking and gelation of the alginate layer to form microparticles. The microparticles were washed with 0.5 M calcium chloride solution containing 1% (v/v) tween 80, followed by washing with water. The microparticles with OG and sunflower oil as the internal phases were labeled as MOG and MSO, respectively. The microparticles without any internal phase (i.e., OG or sunflower oil) were labeled as blank microparticles or BM. Drug containing microparticles were also prepared as described above, but the internal phases of microparticles were changed with drug containing internal phases. During the preparation of drug formulations, internal phase, OG was replaced with either OGSA or OGMZ. The microparticles with OGSA and OGMZ were labeled as MOGSA and MOGMZ, respectively. Similarly, sunflower oil was replaced with 1% (w/w) salicylic acid or metronidazole containing sunflower oil as the internal phase and was labeled as MSOSA or MSOMZ, respectively. Drug containing blank microparticles were also prepared as controls of the study. In this regard, 1% (w/w) of either salicylic acid or metronidazole was dispersed in sodium alginate solution and then the microparticles were synthesized. Salicylic acid and metronidazole containing blank microparticles were labeled as BMSA and BMMZ, respectively. The prepared microparticles were stored at 4°C until further use.
Microscopy
The microstructure of the microparticles was observed under an upright bright-field microscope (LEICA-DM 750 equipped with ICC 50-HD camera, Germany). The size distribution of the microparticles (sample size~1,000) was determined using NI Vision Assistant-2010 software (8) . The size distribution was estimated by calculating SPAN factor (size distribution factor) and percentage coefficient of variation (%CV) (8) .
where, d 90 , d 50 , and d 10 are the diameters of the 90, 50, and 10% of the microparticles population. Scanning electron microscope (JEOL, JSM-6390, Japan) was used to study the topology of the microparticles. The microparticles were dried at 40°C for overnight and sputter coated with platinum before analysis.
Leaching Studies
The microparticles were wiped with filter paper to remove the surface-bound moisture and traces of external oil, if any. Of the microparticles, 0.5 g was accurately weighed and kept on a fresh filter paper and incubated at 37°C (9) . The leakage of internal oil phase was monitored for 2 h.
For quantitative analysis of leaching, another method was adopted (10) . In short, accurately weighed 0.1 g (W 1 ) of microparticles was soaked in 1.0 ml (W 2 ) of double distilled water for 1.0 h at 37°C in a microcentrifuge tube. After incubation, the tubes were centrifuged at 10,000 rpm for 2 min (SPINWIN, MC-02, Tarsons, India). The pellet (W 3 ) and the supernatant (W 4 ) were weighed separately and then dried at 55°C for 48 h. Subsequently, the dried pellet (W 5 ) and supernatant (W 6 ) were weighed again.
The swelling power of the microparticles was calculated as follows:
The percentage of leaching from the microparticles was calculated as follows:
Mechanical Analysis
The apparent viscosity of the primary emulsions of the microparticles was determined by using rotational cone and plate viscometer (BOHLIN VISCO-88, Malvern, UK). The cone angle and diameter are 5.4°and 30 mm, respectively. A gap of 0.15 mm was maintained between the cone and the plate throughout the study. The analysis was performed by varying the shear rate from 15 to 95 s −1 at room temperature. Cohesiveness of the primary emulsions was predicted by performing compressive analysis via backward extrusion studies using texture analyzer (Stable Microsystems, TA-HDplus, UK). Analysis was performed by moving the probe at a speed of 1 mm s −1 to a 20-mm distance within the emulsion and returned to the original position at the same speed. The experiment was performed in auto-force mode with a trigger force of 3 g.
Drug Encapsulation Efficiency
Of the dried microparticles containing drugs, 0.5 g was triturated in 50 ml of pure methanol and filtered through Whatmann filter paper (Sartorius stedim, grade: 389) (8) . Presence of drug in the filtrate was checked using UV-visible spectrophotometer (UV-3200, Labindia, Mumbai, India) at 294 and 321 nm for salicylic acid and metronidazole, respectively. Drug encapsulation efficiency was calculated and reported as percentage drug encapsulation efficiency (%DEE) given by Eq. 3 (11) .
%DEE ¼ Practical loading Theoritical loading
Â 100 ð3Þ
Molecular Interaction Studies
The chemical interactions among the components of the formulations were studied using Fourier transform infrared (FTIR) spectrophotometer with attenuated total reflection (ATR) mode (alpha-E, Bruker, Germany) in the wave number range of 4,000 to 500 cm
. As the analysis was performed in ATR mode, pure microparticles were used without any further processing. Dried microparticles were loaded upon the zinc selenide (ZnSe) crystal of the spectrophotometer, and scanning was performed for 24 times.
The X-ray diffraction analysis of the microparticles was also carried out using the pure dried microparticles without any processing. The microparticles were coated as a layer upon a clean glass slide and then studied using X-ray diffractometer (PW3040, Philips Analytical ltd., Holland). The instrument uses monochromatic Cu K α radiation (λ=0.154 nm) for analysis. The scanning was done in the range of 5°2θ to 50°2 θ at a scanning rate of 2°2θ/min.
Thermal Studies
Thermal analysis of the microparticles was carried out using differential scanning calorimeter (DSC-200F3 MAIA, Netzsch, Germany) at a scanning rate of 1°C/min under inert nitrogen atmosphere (flow rate 40 ml/min). Thermal properties of the microparticles (5 to 15 mg) were analyzed in aluminum crucibles.
Biocompatibility and Physical Interaction Studies
The cytocompatibility of the microparticles was determined using MG63 cell line by solvent extraction method. In short, 1 g of the sample was put into the dialysis tubing and was subsequently dipped into 25 ml of phosphate buffer saline. Of the leachate, 200 μl was added to a well of a 96-well plate. The plate was previously seeded with 5×10 4 cells and subsequently incubated (37°C, 5% carbon dioxide) for 12 h to allow adherence of the cells. After the addition of the leachate, the plate was further incubated for 48 h. After incubation, the cell viability was assessed using MTT assay (12) .
Physical interaction studies were carried out by mucoadhesivity and swelling equilibrium studies. Mucoadhesivity of the microparticles was analyzed by in vitro wash-off method (11) . Briefly, small intestine of goat was longitudinally cut open, washed thoroughly with saline, and cut into pieces of 2×2 cm 2 . The outer surface of the intestine was attached onto a glass slide using acrylate adhesive. This exposed the internal surface (mucosal layer) of the intestine. Of the microparticles, 0.2 g was weighed and placed over the mucosal surface. A 5-g weight was applied over the microparticles for 1 min to adhere the microparticles. The slides were subsequently put vertically into the United States Pharmacopeia (USP) disintegration apparatus containing 900 ml of the phosphate buffer (pH=7.2) at 37°C. The time required for detaching the microparticles from the mucosal surface was noted down.
In Vitro Drug-Release Studies
The release of the drugs from the drug-loaded microparticles was studied under in vitro conditions at different pHs. The studies were carried out at gastric (pH=1.2) and intestinal (pH=7.2) environments. Hydrochloric acid buffer of pH 1.2 and phosphate buffer of pH 7.2 were used for this study. Accurately weighed (~1 g) dried microparticles were placed in a dialysis membrane bag. The bag was tightened from both ends and subsequently submerged in 50 ml of buffer. Formation of saturation layer at the interface of the dialysis membrane and the dissolution medium was prevented by keeping the buffer under stirring at 100 rpm. The experiment was conducted at 37°C. The buffer was replaced with fresh buffer at regular intervals of 30 min. The experiment was conducted for a period of 12 h. Quantification of the released drug was done by analyzing the samples at 294 and 321 nm for salicylic acid and metronidazole, respectively. The statistical analysis of the results was performed using MINITAB 14.1 software.
Bioactivity of the drugs after being released from the microparticles was tested by antimicrobial studies. The antimicrobial efficiency was tested against Bacillus subtilis (MTCC 121) and Escherichia coli (NCIM 5051). The antimicrobial studies were carried out by direct contact assay method (13) . Briefly,~1 g of the drug-loaded-dried microparticles was dispersed in 100 ml of autoclaved nutrient broth containing bacterial inoculum (1 ml of 10 6 cfu/ml). The nutrient broth was incubated at 37°C in a shaker incubator, operated at 120 rpm. Under aseptic conditions, 1 ml of the nutrient broth was collected at an interval of 1 h, and the growth of the bacteria was measured at 595 nm using UV-visible spectrophotometer. Microparticles without drug were served as negative control.
RESULTS AND DISCUSSION
Preparation of Span 80-Tween 80-Based Organogels
Organogels were prepared using a mixture of non-ionic surfactants of span 80-tween 80 (1:2 w/w) as an organogelator. Drop-wise addition of water to the homogeneous mixture of sunflower oil and surfactant mixture resulted in the formation of a white turbid emulsion. The addition of water results in the exothermic reaction, which results in the increase in the temperature of the emulsion to~40°C. The release of energy during preparation of the organogel indicates that the organogels attain a lower energy state. Hence, it is expected that the prepared organogel will be thermodynamically stable in nature. The emulsion, so formed, was vortexed and allowed to cool at room temperature to form a white-colored gel. The gelation was confirmed by inverted tube method ( Fig. 1) (14) . The stability and characterization of the organogels has been well described in our previous study (5) . Salicylic acid-and metronidazole-loaded gels were also found to be stable at room temperature. The composition of organogels was listed in Table I .
Preparation of Microparticles
The composition of the internal phase of the microparticles has been listed in Table II . Primary emulsions were prepared by dispersing either sunflower oil or organogel in alginate solution. Addition of the primary emulsion to the external phase sunflower oil resulted in the formation of oilin-water-in-oil multiple emulsion. Acidification of the external oil phase using acidified oil resulted in the release of calcium ions from calcium carbonate, present in the alginate layer. The calcium ions were responsible for crosslinking of the alginate present within the aqueous phase of the multiple emulsions (5) . This resulted in the solidification of the alginate layer as spherical particles, which in turn, immobilized the internal phase of the multiple emulsions. The external oil phase was removed by washing the particles thoroughly. In a similar way, salicylic acid and metronidazole containing microparticles were also prepared.
Microscopy
The microparticles have shown distinct variation in their internal structure (Fig. 2) . BM was semi-transparent due to the absence of any internal phase within the microparticles. MSO showed multiple cores indicating that MSO was a multicore microparticle rather than a single-core microparticle. The core of the microparticles was globular in nature suggesting the entrapment of sunflower oil within the alginate particles. MOG were more opaque than BM and MSO as was evident from the darker nature of the microparticles. This may be associated with the presence of the semi-solid organogel, which prevented the transmission of the light through the microparticles (13) .
The average diameter of the microparticles (sample sizẽ 1,000) was found to be highest for MOG followed by MSO and BM. Analysis suggested that MOG had a broad size distribution over MSO and BM (Fig. 2g, h) . Polydispersity of the microparticles was expressed in terms of SPAN factor. In general, SPAN factor <2.0 and d 50 <10 μm suggest narrow size distribution (9) . The SPAN factors of the microparticles were <2.0, but the d 50 were >10 μm (Fig. 2i) . Higher d 50 values may be due to the method of microparticle fabrication. In general, ionotropic gelation method results in the formation of microparticles having sizes in between 10 and 400 μm (9). Keeping these facts in mind, the size distribution of the microparticles may be regarded as narrow. %CV was calculated from the particle size distribution graph. A higher value of %CV was observed for MOG. This may be associated with the physical nature of the internal phase. The apparent viscosities of the alginate emulsions were less viscous in BM and MSO as compared to the MOG. This resulted in the formation of larger particles of wide size distribution in MOG followed by MSO and BM.
SEM studies suggested that the microparticles are circular but are having polydispersity (Fig. 2) . The sizes of the microparticles were smaller as compared to the particle size obtained from light microscopy. This is due to the fact that the microparticles for SEM analysis were completely dried. The evaporation of water has lead to the shrinkage of the microparticles which resulted in loss of spherical nature to a certain extent. The extent of loss of sphericity was more in BM and MSO as compared to MOG. The microscopic studies indicated that the physical nature of the internal phase was affecting the appearance of the microparticles.
Leaching Studies
Leaching of internal phase from the MSO showed a darker region surrounding the microparticles (Fig. 3) . This indicated that sunflower oil was leaking out of the microparticles. On the other hand, MOG did not show any signs of leakage until the end of the experiment (2 h). This may be attributed to the gelation of the sunflower oil due to which apparent viscosity was increased (15) . The difference in apparent viscosity of the primary emulsions of microparticles and pure alginate solution was found by using Bohlin viscometer (Fig. 3) . The apparent viscosity of MOG's primary emulsion was found to be higher than that of MSO and pure alginate solution. The difference in apparent viscosities can be explained by the internal phase associated with them. Presence of organogel in the alginate solution of MOG has yielded higher apparent viscosity. Since fatty acyl organogels have the tendency to accommodate water within their gelator network, the organogels might have absorbed some amount of water (16) . This might have resulted in the increase in viscosity of the emulsion. As gelator network is absent in the emulsion of MSO, its apparent viscosity was lower than that of the emulsion of MOG. In addition to the differences in apparent viscosity of the emulsions, the textural properties of the emulsions were also identified. Cohesiveness of the emulsions was determined by performing backward extrusion studies. The area under the positive curve (during forward movement of the probe) indicates the cohesiveness of the emulsions (represented by dotted lines) (17) . The results suggested that the cohesiveness of the emulsions is following the similar trend as that of apparent viscosity (MOG > MSO > BM) (BM 0.15 kg s −1 ; MSO 0.16 kg s −1 ; MOG 0.2 kg s −1 ). This indicates that the increase in viscosity of MOG's emulsion is due to the increase in cohesiveness among their components. Viscometric and textural (backward extrusion) studies suggested that the addition of organogel to the alginate solution has enhanced the apparent viscosity and cohesiveness of the alginate solution. The increase in viscosity might have prevented the leaching of the internal phase. This study shows that the leakage of oil from microparticles may be overcome by inducing gelation of the internal phase.
Leaching of oil from the microparticles was quantified by performing another method, and the results were shown in Fig. 3 . MSO showed 46.1% of oil leaching, whereas MOG showed 9.4% of leaching. This suggests that the presence of organogel has prevented the leaching of sunflower oil from the microparticles. Quantification of leachate confirms the efficiency of organogels in preventing the oil leaching from alginate microparticles. In addition to the quantification of leachate, this study has enabled to calculate swelling power. Swelling power of the microparticles seems to be unaffected by their internal phase (Fig. 3) . Moreover, similar swelling power is may be due to the presence of equal concentration of sodium alginate in the microparticles.
Drug Entrapment Efficiency
The percentage of drug encapsulation efficiency (%DEE) of microparticles was varying with nature of the internal phase (Table III) . The lowest %DEE of BM may be associated with the absence of the internal phase. Drugs might have diffused out of the porous alginate microparticles by diffusion during the preparation of the microparticles (15) . The %DEE of MSO was slightly better than that of BM and may be associated with the partitioning effect. The %DEE was highest in MOG which may be due to the combined effect of partitioning and increased viscosity of the internal phase. The semisolid organogels might have restricted the diffusion of drugs and resulted in higher %DEE.
Molecular Interaction Studies
The FTIR spectra of the microparticles showed peaks corresponding to calcium alginate (Fig. 4) . Figure 4a shows a spectral band at~3,600 to 3,050 cm −1 with a maximum intensity at~3,370 cm −1 . The band at~3,370 cm −1 was due to the stretching vibrations of hydrogen-bonded OH groups (18) . The peaks at~1,410 and~1,600 cm −1 might be associated with the symmetric and asymmetric stretching vibrations of the COO − , respectively, while the presence of the three peaks in the range of 1,200-950 cm −1 may be attributed to the presence of the carbohydrate backbone (19) . The peak at 3,370 cm −1 was broadened and shifted toward lower wave numbers in MSO and MOG, suggesting an increase in hydrogen bonding (20) .
The drug containing microparticles showed characteristic peaks of salicylic acid and metronidazole, in addition to the peaks associated with calcium alginate. Salicylic acid containing microparticles have shown distinct peaks at~1,600 cm −1 (C=C bond of aromatic ring), 1,666 and 1,649 cm −1 (C=O stretching of COOH), and 756 and 719 cm −1 (C-H out of plane bending in the phenol substitution ring) indicating the presence of salicylic acid (21) . The peaks at 1,238 cm −1 (ester carbonyl peak), 1,747 cm −1 (carbonyl stretching), and 1,593 cm −1 (asymmetric nitro stretch), associated with metronidazole, were observed in metronidazole containing microparticles (22) . Though the peaks of the drugs were conserved in the microparticles, the characteristic peaks of the alginate backbone (1,200-950 cm −1 ) were shifted slightly toward a lower wave number. This suggested a strong association of the drugs with the components of the microparticles (21) . At the same time, absence of any new characteristic peak in the spectra suggested that the drugs are in their native state, and there were no chemical interactions between the drugs and the microparticles.
The diffractogram of BM showed two peaks at 13.7°2θ and 23°2θ, whereas the diffractograms of MSO and MOG showed only one peak at 23°2θ (Fig. 4c) . The peak at 13.7°2θ of BM was not visible in MSO and MOG. On the other hand, the peak at 23°2θ was intensified. This may be due to the interactions among the alginate and the internal phase molecules, which resulted in the alteration in the molecular packing of the alginate molecules. The alteration in the molecular packing might have been associated with the formation of regular crystallites (18) .
The drug containing microparticles showed feeble peaks associated with the drugs (Fig. 4d) . This suggested that the physical nature of the drugs was not altered during encapsulation. Incorporation of the drugs within the microparticles has altered the intensity of the peak at 23°2θ. This suggested that the addition of salicylic acid and metronidazole have altered the molecular packing order of the alginate molecules to form regular crystallites (18) . The results indicated an existence of good compatibility among the alginate, organogels, and drug molecules. This may be associated with the strong interactions (e.g., hydrogen bonding) among the components of the microparticles, suggested by the FTIR studies (18) . Figure 5a shows the thermograms of the organogel and developed microparticles. The thermogram of sunflower oil showed an endothermic peak at~34°C. The organogel showed a broad endothermic peak at~95°C. This is due to the combined effect of melting of the organogel and evaporation of water present in the organogel (18) . BM showed an endothermic peak at~100°C which may be attributed to the evaporation of the bound water associated with the alginate. Although dried microparticles were used, the thermal profile suggested that it was not possible to remove the bound water completely. Similar observations have also been reported earlier (23) . MSO and MOG have shown endothermic peaks at~60°C. This endothermic peak may be associated with the heating of sunflower oil. In our previous study, we have found that the gel to sol transition temperature of the span 80-tween 80 organogels was found to be 55 to 70°C (5) . The shift of the endotherm to the higher temperatures may be attributed to the increased crystalline nature of the microparticles (as was evident from the X-ray diffraction (XRD) studies). The endothermic peak of MOG was broader than that of MSO. This can be explained by the simultaneous evaporation of the water present in the organogel. Thermal analysis suggests that the organogels were successfully encapsulated within the microparticles. Thermal analysis of the drug containing microparticles was tested in the temperature range of 30 to 300°C (Fig. 5b) . Pure salicylic acid and metronidazole have shown endothermic peaks at~160°C. In addition to the endothermic peak, metronidazole has also shown an exothermic peak at~274°C. In this regard, we have conducted the DSC analysis of drug containing microparticles up to 300°C. Thermal profiles of the drug containing microparticles are similar to their corresponding microparticles without drugs. Characteristic peaks corresponding to the drugs have not been noticed in the thermograms of the microparticles. This suggests that the drugs are molecularly dispersed in the matrix of the microparticles (24) .
Thermal Studies
Biocompatibility and Physical Interaction Studies
Biocompatibility of the microparticles was determined by studying the relative proliferation of MG63 cells in the presence of the microparticles extracts. The cell proliferation was measured using MTT assay. The results indicated that the cell viability index in the presence of the leachates of the microparticles was either~1 or better than 1 indicating the biocompatible nature of the microparticles (Fig. 6a) . The change in cell viability index was found to be insignificant with respect to control. The level of significance (p<0.05) was calculated by using paired t test analysis (MS excel-2010) .
Physical interaction of microparticles with mucous membrane was studied by in vitro wash-off method (Fig. 6b) . In general, alginate constructs possess high affinity toward intestinal mucosal layer. Under the experimental conditions, MSO detached quicker than MOG and BM. This may be accounted to the leaching of sunflower oil from MSO which was evident from the leaching studies. The mucoadhesive time of MOG was increased almost by sevenfold as compared to that of MSO. This is due to the prevention of oil leaching from MOG, due to the gelation of the internal phase. The differences in mucoadhesivity of microparticles were found to be significant (p>0.05) as per paired t test analysis. The significant rise in the mucoadhesive nature of MOG is self-explanatory about the importance of the structuring of the edible oil within the microparticles. The results suggested that MOG may be tried as mucoadhesive microparticulate delivery vehicle.
In Vitro Drug-Release Studies Figure 7 shows the in vitro cumulative percentage drugrelease (CPDR) profiles of salicylic acid and metronidazole under gastric and intestinal conditions. The release of the drugs from the microparticles was affected by the pH of the dissolution medium. The drug release from BMSA/BMMZ and MSOSA/MSOMZ was lower than that from MOGSA/ MOGMZ. This may be associated with the higher encapsulation efficiency of the drugs in MOGSA/MOGMZ as compared to that in BMSA/BMMZ and MSOSA/MSOMZ. As the leaching of the drug was higher in BMSA/BMMZ and MSOSA/MSOMZ, the percentage drug release from these microparticles was lower. Under gastric conditions, more metronidazole was released as compared to salicylic acid. On the other hand, a reverse trend was observed under intestinal conditions. The drug solubility under different pH conditions might also have affected their release pattern. Salicylic acid tends to be less soluble at low pH and more soluble at high pH due to its weak acidic nature (25) . On the other hand, metronidazole has high solubility at low pH than at high pH (26) .
The drug-release kinetics was studied by finding the best-fit release model after fitting in zero-order, first-order, Higuchi, and Baker-Lonsdale models. The diffusion of the drugs was figured out by calculating "n" value using Korsmeyer-Peppas model. The acceptable regression coefficient for fitting of the models was >0.95, and the best-fit models have been tabulated in Table III and shown in Fig. S1 (Supplementary File) . By using the fit and observed values of the drug release, goodness-of-fit evaluations were performed using chi-square (χ 2 ) test. The obtained χ 2 values were found to be less than the critical χ 2 values (Table S1 ) (critical value of χ 2 =32.671 at 21°of freedom). The χ 2 test indicated that the difference between the observed and expected values is statistically insignificant at α=0.05. The results suggested that the drug release from the microparticles followed Higuchian and Baker-Lonsdale kinetic models, indicating that the developed microparticles were swollen spherical matrix type (27) . Under intestinal conditions, swelling Fig. 7 . In vitro drug release studies. CPDR profiles from microparticles: a in gastric buffer and b in intestinal buffer; antimicrobial activity of microparticles against c E. coli and d B. subtilis; and e time required to attain stationary phase in presence of microparticles of microparticles facilitated the diffusion of the drugs from the microparticles. But under acidic conditions, the diffusion of the drugs was lower. This may be associated with the higher swelling of the microparticles under intestinal conditions and a lower swelling of the microparticles under acidic conditions (28) . This phenomenon resulted in the release of the lower amount of the drugs under acidic conditions. Under intestinal conditions, erosion of the microparticles might also have contributed to the higher percentage releases, as was evident from the swelling and erosion studies (Supplementary File) (29) . The release behavior of the drugs from BMSA/BMMZ followed Fickian diffusion under gastric conditions, whereas MSOSA/MSOMZ and MOGSA/MOGMZ followed non-Fickian diffusion. All the microparticles followed non-Fickian diffusion under intestinal conditions. The non-Fickian diffusion of the drugs may be attributed to the polymer relaxation, erosion, and degradation (29) . The results of the antimicrobial test by direct contact assay were compared with the growth curve of the pure bacterial culture (Fig. 7c, d ). The antimicrobial activity was estimated by determining the time required for the bacteria to reach the stationary phase. If the bacteria reach stationary phase in lesser time as compared to the control, the microparticles are said to elicit antimicrobial action. The time required for reaching the stationary phase (T s ) of the bacteria against different microparticles has been shown in Fig. 7e .
The drug containing microparticles have shown considerable antimicrobial activity thereby suggesting that the incorporated drugs were bioactive even after encapsulation. MSOSA/MSOMZ microparticles have shown lower T s (higher antimicrobial action) as compared to MOGSA/MOGMZ. This may be attributed to the quick release of the drugs from MSOSA/MSOMZ microparticles. The results showed absence of sudden stationary phases. This indicated that there was no burst release of the drugs from the microparticles. Similar results were also evident from the in vitro drug release. The results suggested that the organogels containing microparticles may be tried for the controlled delivery applications.
CONCLUSION
Encapsulation of the organogels prevented leaching of the internal phase of the microparticles, a common phenomenon when oil is encapsulated. The encapsulation efficiency of the drugs was improved after the encapsulation of organogels. The mucoadhesivity of the microparticles was improved by many-fold when the oil was encapsulated via organogel. Based on the preliminary results, the developed organogel containing microparticles are best suited to prevent the leakage of the internal phase and controlled delivery applications.
